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I 
摘要 
稀土、稀土−过渡金属簇合物一直是无机化学和材料化学领域较活跃的研究
热点之一，不仅是因为它们具有丰富多彩的结构，还因为它们表现出有趣的光、
电、磁及催化等性质。特别是随着信息技术的飞速发展，稀土、稀土−过渡金属
簇合物在信息存储和量子计算方面的潜在应用也受到科学研究者们的关注。目前
文献报道的合成多核稀土、稀土−过渡金属簇合物的主要方法是通过选择合适的
有机配体并在较高的 pH 值下实现簇合物的自组装反应。但由于加入有机配体，
可能导致合成的稀土、稀土−过渡金属簇合物的稳定性变差并阻碍一些性质的探
索。因此，探索合成具有特定结构与性能的高核金属簇合物仍然是一个巨大的挑
战。通过文献调研，我们发现缺位的多酸具有较好的亲核性和热稳定性，可以作
为一个很好配体用于合成多核的稀土、稀土−过渡金属簇合物。基于以上的研究
背景，我们选择三缺位的[SbW9O33]9−为多齿无机配体，通过调控溶液的 pH 值、
离子强度及引入阴离子模板剂来设计与合成稀土、稀土−过渡金属簇合物，并探
究了它们的磁学性质。论文主要内容分为以下三个部分： 
1.基于 pH 值调控的稀土金属簇合物的合成、结构及磁性研究。通过调控
NaAc 和 HAc 溶液的 pH 值合成了一系列不同结构的稀土金属簇合物(1-6)。晶体
结构分析表明 pH值对三缺位[SbW9O33]9−的稳定性和稀土金属簇合物的结构都有
重要的影响。磁性研究表明化合物 1 和 4 都具有缓慢的磁弛豫行为，且化合物 1
的交流磁化率曲线的实部(χ')和虚部(χ")都表现出了明显的频率依赖性，且虚部(χ")
出现了明显的峰。 
2. 基于离子强度调控的稀土−过渡金属簇合物的合成、结构及磁性研究。在
前一章的基础上，我们选择 pH=5.5 的 NaAc-HAc 缓冲溶液，通过调控溶液的离
子强度得到了一系列不同结构的稀土−过渡金属簇合物(7-9)、稀土金属簇合物
(10-12)和过渡金属簇合物(13)。晶体结构分析表明离子强度对金属离子与缺位多
酸的配位能力及簇合物的结构都有重要的影响。交流磁化率测试表明化合物 7 和
10 都具有缓慢的磁弛豫行为。 
3.基于阴离子模板剂调控的稀土−过渡金属簇合物的合成、结构及磁性研究。
再上一章的基础上，向体系中引入不同的阴离子模板剂 CO32−、PO43−和 Mo8O264−，
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II 
成功得到了一系列不同结构的稀土−过渡金属簇合物(14-21)和一个稀土金属簇合
物(22)。在合成化合物 20 和 21 的过程中，由于 PO43−的引入，部分三缺位的
{B-α-SbW9O33}原位形成了另一种三缺位的{B-α-PW9O33}配体，且 3 个 Ni2+和 1
个 Ln3+通过 3 个 μ3-OH 桥和一个缺位端基 O 原子形成一个立方烷形结构
{LnNi3(μ3-OH)3(μ4-O)} 。 3 个 {B-α-PW9O34} 、 2 个 {B-α-SbW9O33} 和 3 个
{DyNi3(μ3-OH)3(μ4-O)}通过 3个醋酸根和缺位多酸端基的O原子连接形成一种新
的稀土−过渡金属簇合物。此结构是第一个含有两种三缺位多酸的稀土−过渡金属
簇合物。晶体结构分析表明阴离子模板剂在簇合物结构调控方面起到了重要作用，
且能有效的增加簇合物的核数，成功实现了对稀土−过渡金属簇合物结构的组装
调控。 
 
 
关键词：缺位多酸；稀土金属簇合物；稀土−过渡金属簇合物；磁性
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Abstract 
Lanthanide and lanthanide-transition metal complexes are one of the most active 
research aspects in the field of inorganic chemistry and materials chemistry, notonly 
because of their aesthetically pleasing molecular structures, but also because of their 
interesting luminescent, electronic, magnetic, and catalytic properties. Particularly, 
with the rapid development of the information technology, the potential applications 
in information storage and quantum computing of lanthanide and lanthanide-transition 
metal complexes have been paid attention by some scientific researchers.At 
present,the mainsynthesis method of polynuclearlanthanide and lanthanide-transition 
metal complexes reported inliteraturesis to select the appropriate organic ligands and 
control the reactionat a higher pH value.However, the addition of organic ligands, 
resulting in the stabilities of such metal clustersgetting worse and hindering the 
expolration of some properties. Therefore, it is still a great challenge to explore the 
synthesismethods of high-nuclearity metal clusters with specific structures and 
properties.By Literature researching,we found thatthe lacunary polyoxometalate with 
better nucleophilicity and stabilitycan be used as an ideal multidentate inorganic 
ligand to synthesize lanthanide and lanthanide-transition metal complexes.Based on 
the research background,we chose the trivacant [SbW9O33]9− multidentate ligand to 
design and synthesize lanthanide and lanthanide-transition metal clusters by 
regulating the pH values, ionic strength and anionic templates. The main contents are 
divided into three parts: 
1. Syntheses, structures and magnetic properties of lanthanide metal complexes 
based on pH values. A series of lanthanide metal complexes (1-6) with different 
structures weresynthesized by adjusting the pH values of NaAc/HAc solution based 
on the trivacant [SbW9O33]9− ligand.The crystal structure analysis showsthat the pH 
value has an important influence on the stability of the [SbW9O33]9−and the structures 
of lanthanide metal complexes.The magnetic studies indicate that the compound1and 
4 have a slow relaxation magnetization on the appearance of out-of-phase.The 
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IV 
acsusceptibility measurements show that the in-phase(χ') and out-of-phase(χ'') signals 
of compound 1give a clear frequency-dependent, and the out-of-phase signals have 
apparent peaks. 
2. Syntheses, structures and magnetic properties of lanthanide metal complexes 
based on ionic strength.On the basis of the previous chapter, we chose the pH=5.5 
NaAc-HAc buffer as a solvent and obtained a series of lanthanide-transition metal 
clusters(7-9), lanthanide metal clusters(10-12) and transition metal cluster(13) with 
different structures by adjusting the ionic strength of solution.The crystal structure 
analysis shows thatthe ionic strength has a significant impact on the coordination 
ability with metallic ion and the topological structures of clusters.In ac susceptibility 
measurements, theslow relaxation of magnetization is observed in 7 and 10 based on 
the appearance of out-of-phase signals (χ''). 
3. Syntheses, structures and magnetic properties of lanthanide metal complexes based 
on ionic templates.On the basis of the previous chapter,we attempted to introduce 
different anions CO32−, PO43− and [Mo8O26]4−as the templates to the reaction system 
and successfully obtained a series of lanthanide-transition metal clusters(14-21)and 
one lanthanide metal cluster (22) with different structures. Due to the introduction of 
the PO43−, the precursor {SbW9O33} formed the new trilacunary Keggin-type unit 
{PW9O34} in situ reaction, and one Ln3+ and three Ni2+ connect with each other 
through threeμ3-OH and one O atom, forming a heterometallic 3d-4f cubane-like 
{LnNi3(μ3-OH)3(μ4-O)}unit in the compounds 20 and 21.Three trilacunary α-Keggin 
units {B-α-PW9O33}, two trilacunary α-Keggin units {B-α-SbW9O33} and three 
cubane-like units {LnNi3(μ3-OH)3(μ4-O)}are connect togetherby three bridged 
carboxyl from the acetate ligands,forming a new kind of lanthanide-transition metal 
clusters. This is the first lanthanide-transition metal cluster containing two kinds of 
different trilacunary POMs. The crystal structure analysis shows that the anionic 
template plays an important role in controlling the structures of clusters and can 
effectively increase the number of metal ions, succeeding in controlling thestructure 
assembly of lanthanide-transition metal clusters. 
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Keywords: Lacunary polyoxometalate;Lanthanide metal clusters; 
Lanthanide-transition metal clusters; Magnetic properties
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